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Arteriographic patterns early in the onset of
the coronary syndromes1
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Coronary arteriography in 300 patients within one year of onset of symptoms of coronary arterial disease
revealed already severe anatomical coronary disease in three patientgroups: those with angina pectoris alone
(164 patients), with subendocardial myocardial infarction (63 patients), and with transmural myocardial
infarction (73 patients). The number of vessels diseased ( > 50%, obstruction), distribution of obstruction,
and degree of stenosis were similar in the three groups. However, total occlusion of at least one artery was
much more common in transmural myocardial infarction and in subendocardial myocardial infarction with
elevation of enzyme levels. We suggest that such occlusions occurred at the time of the infarction. Similarities
in coronary anatomy between patient subgroups with angina (on exercise or at rest and nocturnal) indicate
that factors other than coronary anatomy intervene in precipitating the different types of angina. Vessel
disease was not related to smoking, hyperlipidaemia, or hypertension but coronary disease was manifest
earlier in life in smokers or those with hyperlipidaemia.

There is little information about the differences in
arteriographic patterns among three of the syn-
dromes of coronary artery disease: angina pectoris,
subendocardial myocardial infarction, and trans-
mural myocardial infarction. Such paucity of in-
formation may be explained by the fact that patients
with coronary artery disease often undergo arterio-
graphic studies at an advanced stage of the disease-
for example, manifestations of coronary artery
disease may have persisted for several years or the
different coronary syndromes may have already
occurred in the same patient for a long period before
the study. Accordingly, the present study was
designed to document the clinical-arteriographic
correlations of the three specific coronary syndromes
at an early stage-within one year of the initial
manifestation of coronary artery disease. We also
sought to determine whether cigarette smoking,
hyperlipidaemia, or hypertension exert some in-
fluence on the coronary anatomy at this early stage
of clinically manifested coronary artery disease.
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Patients and methods
Clinical groups
The study group comprised 300 patients (265 men and
35 women) who were seen consecutively at the Mayo
Clinic from July 1968 to June 1973 and who had an
arteriographic study of satisfactory quality within one
year of onset of typical symptoms of coronary artery
disease. Patients who had congenital or rheumatic heart
disease were not included. There were also 5 patients
with classical angina pectoris and 1 patient with trans-
mural myocardial infarction who had normal coronary
arteriograms and were excluded from the study. All
patients' histories were taken by at least three physicians
and the clinical records were carefully examined in
retrospect by one of us (V.F.) who had no knowledge of
the arteriographic findings. Additional information
when needed was obtained from letters and telephone
calls to the referring physicians. The patients were
divided into three clinical groups.
Group 1 Patients with angina pectoris alone (164

patients). Group 1 was further divided into two sub-
groups, group IA and group 1B. Group 1A comprised
100 patients in whom substernal or praecordial pain or
discomfort was precipitated by walking (and relieved
within 15 minutes by rest), stress, or excitement.
Group 1B comprised 64 patients in whom pain occurred
at rest or at night, lasted less than 15 minutes, and was
similar to that brought on by physical exertion. Among
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-he 64 patients in group 1B 18 had angina that was con-
sidered unstable-that is, angina at rest or at night
occurring with an increase in intensity, duration, or
frequency of pain within three weeks before the study.
None of the patients in group 1 had evidence of trans-
mural or subendocardial myocardial infarction.
Group 2 Patients with subendocardial myocardial

infarction (63 patients). Patients in this group had a
typical history of acute myocardial infarction and ST-T
changes only in the electrocardiogram fulfilling the
criteria of the Coronary Drug Project (1973)-that
persisted for more than 48 hours. Group 2 was further
divided into two subgroups: group 2A (68%) who did
not have a diagnostic increase in enzyme levels at the
time of the infarction, and group 2B (32%) who had a
diagnostic increase in enzyme levels. About two-thirds
of all patients had had angina pectoris before the sub-
endocardial infarct (but in all instances the angina
occurred less than one year before the arteriographic
study) and most (87%) had angina pectoris after the
subendocardial infarction before the arteriographic
study.
Group 3 Patients with transmural myocardial

infarction (73 patients). In this group of patients the
clinical history was suggzstive of acute myocardial
infarction, with definite QRS changes in the ECG-
fulfilling the criteria of the Coronary Drug Project
(1973)-and diagnostic rise in serum enzyme levels.
About one-fourth of these patients had angina pectoris
before the infarct (but in all instances the angina occurred
less than one year before the arteriographic study) and
about two-thirds had angina pectoris after the infarct
and before the arteriographic study.

Evaluation of coronary risk factors
Each patient was evaluated for the possible influence on
coronary artery disease of smoking, hyperlipidaemia,
and hypertension.

Cigarette smoking Patients were subdivided into
three categories: (1) those who smoked more than 10
a day (172 patients (60%)); (2) those who had smoked in
the past but who had stopped smoking more than six
months before the initial manifestation of coronary
artery disease (54 patients (18%)); and (3) those who did
not smoke cigarettes (71 patients (24%)). The smoking
habits were not recorded for three patients.
Hyperlipidaemia Patients were considered to be

hyperlipidaemic (61 patients (20%)) if a diagnosis of
hypertriglyceridaemiaor hypercholesterolaemia was made
before the diagnosis of coronary disease (even though
such patients were subsequently given lipid-lowering
medication) or if, at the time of admission for coronary
arteriography, the serum cholesterol concentration was
7-8 mmol/l (300 mg/dl) or more or the serum triglyceride
concentration was 1-7 mmol/l (150 mg/dl) or more in a
14-hour fasting specimen.
Hypertension Patients were considered to have

definite high blood pressure (52 patients (17%)) if
diagnosis of hypertension had been made before the
diagnosis of coronary artery disease (even though such
patients were subsequently given antihypertensive

medication) or if, at the time of admission for coronary
arteriography, the average systolic pressure, recorded on
three separate occasions, was 160 mmHg (21-3 kPa) or
more, or the diastolic pressure averaged 95 mmHg
(12-6 kPa) or more. If the average systolic pressure was
140 to 159 mmHg (18-6 to 21-1 kPa) or if the average
diastolic pressure was 90 to 94 mmHg (12-0 to 12-5 kPa)
a patient was considered to have borderline hypertension
(33 patients (11%)).

Coronary arteriography
Selective coronary arteriography was performed in all
patients by the Sones and Shirey (1962) technique. The
arteriograms were viewed initially for diagnostic
purposes and reviewed later by one of us (R.L F.)
without knowledge of the patients' clinical or haemo-
dynamic data.

Multiple coronary arteriographic views in different
oblique projections were studied and the degree of
obstruction in a vessel was derived from estimates of
the width of the respective vessel in its normal portion
compared to its most diseased portion, the latter being
expressed as a percentage of the former. Obstruction
only of at least 50 per cent of one or more of the four
major arteries-right coronary, left anterior descending
coronary, left circumflex, and left main coronary artery
or their main branches-was considered. For the
purposes of this study four degrees of obstruction were
considered: 50 to 74 per cent, 75 to 89 per cent, 90 per
cent to subtotal, and occlusion.
The number of diseased vessels in each patient was

determined by obstruction of one, two, or three major
arteries-right coronary, left anterior descending
coronary, and left circumflex artery. Lesions of the left
main coronary artery, alone or in combination with
lesions in the other arteries, were considered separately.
The presence of intercoronary collateral circulation,
visualized as a retrograde filling of a diseased coronary
artery, was also noted and recorded.

Results
Clinical groups and arteriographic patterns
Number of vessels involved About one-third
(31 %) of the patients in group 1 had disease in one
vessel, about one-third (37%) had disease in two
vessels, and about one-third (32%) had either disease
in three vessels or a lesion in the left main coronary
artery (Fig. 1). The findings were similar in patients
in groups 2 and 3 (Fig. 1). Among patients in
groups 2 and 3 the presence or absence of angina
pectoris before or after the infarct was not associated
with much arteriographic variation. In the entire
group of 300 patients the average number of vessels
diseased per patient was two. Since the degree of
obstruction was greater than 75 per cent in all
patients except four, in whom only one vessel was
diseased, disease of the coronary arteries was
usually severe when symptoms first developed.
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FIG. 1 Arteriographically dernonstrated number,
distribution, and degree of vessels diseased in patients
with angina pectoris, subendocardial myocardial in-
farction, and transmiural myocardial infarction.
Number and distribution of vessels diseased are ex-
pressed as percentage of patients with each clinical
syndrome. Degree of vessel obstruction is expressed as

percentage of vessels diseased in each clinical syndrome.
LAD=left anterior descending coronary artery;
RCA=right coronary artery; LCx=left circumflex
coronary artery; LM=left main coronary artery,
which is considered alone or in combination with
lesions in other arteries.

Distribution of vessel involvement The loca-
tion of arterial obstruction was also strikingly similar
in patients in the three main groups (Fig. 1). The left
anterior descending coronary artery was the vessel
most often affected-in 82 per cent of patients in
group 1, 81 per cent in group 2, and in 77 per cent in
group 3. The right coronary artery, left circumflex
artery, and left main coronary artery, were less fre-
quently affected in that order. Among patients in
groups 2 and 3 the presence or absence of angina
pectoris before or after the infarct was not asso-
ciated with any arteriographic variation.
Degree of vessel obstruction With respect to

the total number of vessels diseased the proportion
of vessels with each degree of stenosis did not differ
greatly in the three groups of patients (Fig. 1), but
the percentage of completely occluded vessels was
significantly (P <0 001) higher in patients with
transmural myocardial infarction (Fig. 1) and in
patients with subendocardial myocardial infarction
who had an increase in enzyme levels (Table).

TABLE Number of patients with one or more vessels
occluded in relation to clinical diagnosis

Patients
Diagnosis No. (%)

Angina pectoris (group 1) 69/164 (42)
Subendocardial myocardial infarction

(group 2A) 16/43 (37)
Subendocardial myocardial infarction

(group 2B) 14/20 (70)*
Transmural myocardial infarction

(group 3) 58/73 (79)*

*Significantly different (P < 0 001) from percentages for the
other two groups.

Factors precipitating angina pectoris and
arteriographic patterns
To determine whether patients with angina at rest
or at night had a more advanced anatomical stage of
coronary artery disease than those with only
external and emotional angina, we compared the
number, distribution, and degree of vessels diseased
in both subgroups of patients in group 1 (Fig. 2).
In these respects the two subgroups were nearly
identical. The presence or absence of collateral
circulation was also similar in both groups. Further-
more, the patients with unstable angina pectoris
manifested no differential arteriographic features
when these were compared with the features noted
in the other anginal groups, with three exceptions-
a slight increase in incidence of one-vessel disease
(P <005), a decrease in incidence of vessels with
total occlusion (P <0 05), and a decrease of collateral
supply (P <0 05).
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FIG. 2 Arteriographically demonstrated number,
distribution, and degree of vessels diseased related to
factors precipitating angina pectoris. For explanation
of calculation of number, distribution, and degree of
vessel disease and of abbrevations see legend to Fig. 1.

Coronary risk factors and arteriographic
patterns
Cigarette smoking The number, distribution, and
degree of vessels diseased were similar in patients
who had never smoked and in those who had
smoked before or at the time of the initial mani-
festation of coronary artery disease (Fig. 3). Further-
more, no arteriographic differences were apparent
when smokers were considered in two classes
those who smoked at the time of the initial mani-
festation of coronary artery disease and those who
had smoked in the past but had stopped more than
six months before the initial manifestation of
coronary artery disease. Analysis of the age distri-
bution, however, showed that smokers had clinical
manifestations of coronary artery disease signifi-
cantly earlier in life than non-smokers (Fig. 4).
Hyperlipidaemia When patients with hyper-

lipidaemia were compared with patients with
normal serum lipid concentrations the number,
distribution, and degree of vessels diseased were
found to be similar (Fig. 5). Analysis of age distribu-
tion, however, showed that patients with hyper-
lipidaemia developed clinical manifestations of
coronary artery disease at a younger age than did
patients with normal lipids (Fig. 4).
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FIG. 3 Arteriographically demonstrated number,
distribution, and degree of vessels diseased related to
patients' smoking habits. For explanation of calcula-
tion of number, distribution, and degree of vessel
disease and of abbreviations see legend to Fig. 1.
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FIG. 4 Age distribution analysis relating age at
first clinical manifestation of coronary artery disease
to cigarette smoking or non-smoking, hyperlipidaemia,
and hypertension.

Hypertension The number, distribution, and
degree of vessels diseased were similar in patients
with hypertension and in the normotensive group
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FIG. 5 Arteriographically demonstrated number,
distribution, and degree of vessels diseased related to
patients' serum lipid concentrations. For explanation
of calculation of number, distribution, and degree of
vessel disease and of abbreviations see legend to
Fig. 1.
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FIG. 6 Arteriographically demnonstrated number,

distribution, and degree of vessels diseased related to

patients' blood pressures. For explanation of calcula-

tion of number, distribution, and degree of vessel

disease and of abbreviations see legend to Fig. 1.

(Fig. 6). Furthermore, the findings were similar
when the hypertensive patients were subdivided into
those classified as having definite high blood
pressure and those defined as having borderline
hypertension. There was no difference in age
distribution at onset of coronary artery disease
between the hypertensive and the normotensive
group (Fig. 4). Stepwise discriminant analysis
revealed that no combination of the three coronary
risk factors had any influence on the arteriographic
patterns.

Discussion
The present large series of patients with coronary
arterial disease differs from other series because we
selected only those patients who had had an arterio-
graphic study at an early stage-within one year-
of the onset of symptoms of coronary artery disease.
This allowed us to determine accurately the initial
manifestations of the disease and to classify pre-
cisely and independently the different coronary
syndromes before further evolution of the disease.
Our findings suggest that coronary arterial

disease is usually severe when the first clinical
manifestation develops. Of the 300 patients who
were studied about two-thirds had disease of two
or three vessels or a lesion in the left main coronary
artery, and only in four patients was the disease
confined to one vessel with less than 75 per cent
obstruction. This observation of the severity of
disease of the coronary arteries in the early stage of
clinically manifested coronary artery disease has
been suggested by the previous studies of Proudfit
et al. (1968) and Parker, Di Giorgi, and West
(1966), but the number of patients was small and
they were not clinically characterized according to
their type of coronary syndrome.
The groups of patients with angina pectoris,

subendocardial myocardial infarction, or trans-
mural myocardial infarction were similar with
respect to the number and distribution of diseased
arteries. However, analysis of the degree of disease
of vessels showed that the incidence of total oc-
clusion of at least one major artery was much
higher in patients who had transmural myocardial
infarction or subendocardial myocardial infarction
with increase in enzyme levels than it was in the
other groups of patients. This finding together
with our observations that arterial occlusions in
patients with transmural myocardial infarction
were proximal to the location of the infarct as
defined by electrocardiogram and ventriculogram
(Fuster et al., 1974b) supports the thesis that
anatomical features of the coronary arteries in acute
transmural myocardial infarction differ from those
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in angina pectoris in that one of the arteries pre-
viously incompletely obstructed becomes occluded,
presumably suddenly. The possibility that in some
instances this arterial occlusion is a secondary event
rather than the cause of the infarct has been raised
by the clinicopathological studies of Roberts (1972).
The fewer completely occluded vessels in patients
who had angina pectoris probably reflect the result
of a disease that is only slowly progressive, per-
mitting the development of collateral circulation.
This possibility is supported by the high incidence
of a collateral blood supply in association with
occluded vessels in patients with angina pectoris as
compared with those with transmural myocardial
infarction (Fuster et al., 1974a).
The observation that arteriographic patterns in

patients with angina at rest or at night were similar
to those in patients with only exertional and
emotional angina tends to support the clinical
impression that factors other than anatomical ones
seem also to play a role in the precipitation of the
syndrome of angina pectoris.
Our angiographic data indicate that when the

first clinical manifestations of coronary artery
disease appear the presence or absence of cigarette
smoking, hyperlipidaemia, and hypertension was
not correlated with the coronary anatomical
patterns. The first clinical manifestations of
coronary artery disease seem to be caused when
there was an advanced degree of anatomical disease
irrespective of whether those risk factors were
present or not. Among cigarette smokers and
patients with hyperlipidaemia, however, mani-
festations of coronary artery disease did develop at
an earlier stage in life than among non-smokers
and patients with normal concentrations of lipids.
It has also been shown that cigarette smoking, high
serum cholesterol values, and hypertension strik-
ingly increase the incidence rate of coronary artery
disease (Atherosclerosis and Epidemiology Study
Groups, 1970), but whether such risk factors
accelerate the progress of the coronary disease is
controversial (Bemis et al., 1973; Bruschke,

Proudfit, and Sones, 1973; Frank, Weinblatt, and
Shapiro, 1973; Oxman et al., 1973).
We thank Miss Joan M. Rohlik for her valuable assist-
ance.
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